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Abstract 
Purpose 

The purpose of this invention is to obtain a bearing structure for use in an electric 
toothbrush and the like, wherein the electricity consumption from a power source that drives the 
motor is reduced. 
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Structure 

The cross section in the direction orthogonal to the shaft of a bearing hole (19) of a slide 
bearing (18) that supports a driving shaft (15) reciprocated by the power of a motor (6), and/or 
the intermediate section (15b) of the aforementioned driving shaft (15) that fits into this bearing 
hole (19), is formed in a non-circular shape, and the bearing surface (19a) formed by the 
aforementioned bearing hole (19) of the aforementioned slide bearing (18), makes contact at 
several locations in the circumferential direction with a part (15b) of the aforementioned driving 
shaft (15) that fits in the hole. 

Claim 

1. A bearing structure, used in an electric toothbrush and the like, wherein a movable 
shaft, which reciprocates in the direction of the shaft or in the circumferential direction, is 
supported by a slide bearing, characterized in that the cross section in the direction orthogonal to 
the shaft of a bearing hole of the aforementioned slide bearing, and/or the part of the 
aforementioned movable shaft that fits into this bearing hole, are/is formed into a non-circular 
shape, and the bearing surface formed by the aforementioned bearing hole of the aforementioned 
slide bearing makes contact with the part of the aforementioned movable shaft that fits in the 
hole at several locations in the circumferential direction. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention concerns a bearing structure that is used, for example, in an electric 
toothbrush for brushing teeth, and by which the consumption of electricity is reduced. 

[0002] 
Prior art 

An electric toothbrush houses a motor as a power source, and a driving mechanism, 
which receives this power, within a cylindrically shaped main case. These operate a toothbrush, 
attached in a freely attachable and detachable manner to the driving shaft, that projects from the 
top end of the main case. This is used for brushing teeth by means of a reciprocating linear 
motion in the direction of the shaft or a reciprocating circular motion in the circumferential 
direction of the toothbrush, at high speed, together with the driving shaft of the aforementioned 
driving mechanism. 
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[0003] 

The driving shaft (movable shaft) that is reciprocated by the power of the motor, as 
described above, is supported by a slide bearing at 1-2 locations. Conventionally, the 
cross-section of the bearing hole of the slide bearing in the direction orthogonal to the shaft was 
circular, and the cross-section of the driving shaft that fits into this bearing hole, in the direction 
orthogonal to the shaft, was also circular, and the driving shaft reciprocated while slidingly 
contacting the bearing surface of the bearing hole of the slide bearing with its outer 
circumferential surface. 

[0004] 

Problem to be solved by the invention 

In the aforementioned conventional bearing structure, the contact area between the 
driving shaft and the bearing surface for the driving shaft was large, making, the sliding 
resistance to the driving shaft large, and the concomitant high power consumption became an 
issue. As a result, the battery life is short when using dry cell batteries as the power source of the 
motor. As a reference. Figure 5 A shows the results of measuring the change in battery voltage 
over time for a conventional electric toothbrush that uses AAA alkaline batteries as a power 
source (where the driving shaft is stainless steel, the slide bearing is made from polyacetal resin, 
and the driving shaft has a linear reciprocating motion) and continuously operating this with 
toothbrush attached and with a 300 g load applied. It is acknowledged that the battery voltage is 
low at 1 .2 V, at the beginning of use because the bearing structure load is high, and the actual 
usable voltage (a battery voltage of 0.9V, below which sufficient driving force cannot be 
supplied to the driving shaft) is reached quickly, in about 25 min. The purpose of this invention 
is to obtain a bearing structure for use in an electric toothbrush, for example, in which the 
electrical power consumption from the power source is reduced. 

[0005] 

Means to solve the problem 

In achieving the aforementioned purpose, the bearing structure of this invention, used in 
an electric toothbrush, for example, is characterized in that the cross section, in the direction 
orthogonal to the shaft, of a bearing hole of a slide bearing that supports a driving shaft 
reciprocated by a power source in the direction of the shaft or in the direction of the 
circumference, or the part of the aforementioned movable shaft that fits in the hole that fits into 
this bearing hole, is formed in a non-circular shape, and the bearing surface, formed by the 
aforementioned bearing hole of the aforementioned slide bearing, makes contact with a part of 
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the aforementioned movable shaft that fits in the hole at several locations in the circumferential 
direction. 

[0006] 
Function 

In the aforementioned structure, the cross section of at least either the bearing hole of the 
slide bearing or the part of the movable shaft that fits in the hole is formed in a non-circular 
shape, so that the bearing surface of the slide bearing and the aforementioned part that fits in the 
hole make contact at several locations in the circumferential direction. As a result, the accuracy 
of the fit between the movable shaft and the bearing hole is not lost, and the contact area between 
the bearing hole and the movable shaft is made small, so that the sliding resistance of the 
movable shaft can be reduced. 

[0007] 

Application examples 

Application Example 1 of this invention will be explained by referring to Figures 1-5 

below. 
[0008] 

In Figure 2, (1) is a main case made of a resin forming a cylindrical shape having a 
thickness and length that can be firmly held by one*s hand, and an opening at the lower end is 
closed by a lid (2) that is screwed on in an attachable and detachable manner. A driving 
mechanism (3) is housed in this main case (1), and a battery (4), that is used as a power source 
for this mechanism (3) is also housed. Dry cell batteries or rechargeable batteries are used as the 
battery (4). A dry cell battery that is inserted and removed by opening and closing the 
aforementioned lid (2) is used in this application example. In Figure 2, (5) indicates a spring that 
pushes against the battery. 

[0009] 

The driving mechanism (3) has the structure indicated in Figures 2 and 3. More precisely, 
(6) is a motor as a driving means that is operated when electrical power from the battery (5) is 
applied, and a driving gear (7) is attached to its output shaft. An intermediate [bevel] gear (8) 
engages with this gear (7), and an intermediate spur gear (9) is attached to this gear (8). A 
coupled spur gear (10) engages with the intermediate spur gear (9). (1 1) and (12) in Figures 2-4 
are respective gear shafts, the gear shaft (11) supporting the aforementioned gears (8) and (9), 
and the gear shaft (12) supporting the aforementioned gear (10). These gear shafts (11) and (12) 
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are supported by a gear base (13) that is fixed to the inner surface of the main case (1). 
Furthermore, a driving pin (14) projects from the coupled spur gear (10) at an eccentric position 
relative to the center. 

[0010] 

A driving shaft (15) is attached as a movable shaft to this driving mechanism (3) by 
engaging with the driving pin (14). More precisely, a long horizontal engagement groove (16) is 
provided to a stainless steel driving shaft (15) in the direction orthogonal to the shaft, for 
example, and driving pin (14) is inserted into and engages with this groove (16). The driving 
shaft (15) projects out from the upper end of the main case (1) through a cylindrical bearing 
supporting part (17) that is formed at the upper end of the main case (1). A square shaft part 
(15a) with a square cross-section in the direction orthogonal to the shaft is formed at the tip area 
of this driving shaft (15) projecting outside of the main case (1). The middle section (15b) of the 
driving shaft (15), except for the lower end where the aforementioned engagement groove (6) is 
provided and the square shaft part (15a) at the upper tip, is formed of a round bar with a circular 
cross section, as shown in Figure 1. 

[0011] 

A slide bearing (18) is housed within the aforementioned bearing supporting part (17), 
and the driving shaft (15) passes through this bearing (18). The slide bearing (18) is an integrally 
molded product made of a polyacetal resin, and it has a bearing hole (19) in the center that is 
open at its upper and lower ends, as shown in Figure L This bearing hole (19) is formed, in the 
direction orthogonal to the shaft, with a non-circular cross section such as a near-quadrilateral 
shape, for example. The middle section (15b) with a circular cross section of the driving shaft 
(15) (in other words, the part that fits in the hole) is the fitted into this bearing hole (19). As a 
result, the circumferential surface of the aforementioned middle section (15b) comes into contact 
with the bearing surface (19a) of the slide bearing (18), in which is formed the bearing hole (19), 
at 4 locations, and the driving shaft (15) is supported by the slide bearing (18) in a freely 
slideable manner. 

[0012] 

As shown in Figure 2, a toothbrush (20) is attached to the square shaft part (15a) of the 
driving shaft (15) in a freely attachable and detachable manner. Toothbrush bristles (22) are 
implanted at the tip of a handle (21) of the toothbrush (20), and a fitting part (21b), consisting of 
a hole, for example, in the base (21a) of the handle (21), is formed to fit onto the top end of the 
square shaft part (15a) in an attachable and detachable manner. The toothbrush (20) is positioned 
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to the driving shaft (15) when the fitting part (21b) fits onto the square shaft part (15ba) [sic; 
(15a)], and it is attached so that it does not rotate unnecessarily in the circumferential direction of 
the driving shaft (15). 

[0013] 

As shown in Figure 4, the amount of displacement L during reciprocation of the 
toothbrush (20) is designed to be 3-7 mm, and the amount of eccentricity / of the aforementioned 
driving pin (14) relative to the center of the coupled spur gear (10) is accordingly set to 1.5-3.5. 
As shown in Figure 2, a water-proof cap (23) formed of a highly-flexible rubber is attached to 
the outer surface of the upper end of the main case (1) to cover from the periphery the area where 
the driving shaft (15), projects outside the main case (1). 

[0014] 

When the driving mechanism (3) is operated by sending electricity to the motor (6) of an 
electric toothbrush with the above-described structure, rotation of the driving gear (7), is 
transmitted to the coupled middle gear (8) and to the middle spur gear (9), and is then transmitted 
to the coupled spur gear (10) by engagement with gear (9), causing gear (10) to rotate. As a 
result, the driving pin (14) at the same time follows a circular path with the aforementioned 
eccentric amount / as the radius, and moves inside the engagement groove (16) of the driving 
shaft (15). The driving shaft (15) therefore has a linear reciprocating motion, wherein it is 
displaced 1-2 times the amount of the aforementioned eccentric amount / in the direction of the 
shaft by virtue of the engagement between driving pin (14) and engagement groove (16). This 
driving shaft (15) reciprocates at the high speed of 2000-3000 times per min(l reciprocation 
being counted as 1 time). 

[0015] 

Accordingly, the entire toothbrush (20) reciprocates with a stroke of 3-7 mm in the 
direction of the shaft. By lightly pressing the toothbrush bristles (22) of the toothbrush (20) with 
this high-speed linear reciprocating motion against the teeth, for example, the teeth can be 
brushed. During this brushing, the waterproof cap (23) flexibly changes its shape by virtue of its 
flexibility, and it can easily follow the movement of the driving shaft (15) without impeding the 
movement of the driving shaft (15). 

[0016] 

During this, the driving shaft (15), which has the high-speed reciprocating motion 
described above, is supported by the slide bearing (18). The shape of the bearing hole (19) of this 
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bearing (18) is a square, so that the middle part (15b) with a circular cross-section of the driving 
shaft (15) passes through this hole (19) and makes a linear contact with the bearing surface (19a) 
at 4 locations, as is shown in Figure 1. 

[0017] 

As a result, the contact area between the slide bearing (18) and the driving shaft (15) is 
small, and the sliding resistance with this driving shaft (15) can be made small. Accordingly, the 
consumption of electricity from the battery (4) that drives the aforementioned motor (6) can be 
made small, and the life of this battery (4) can be extended. 

[0018] 

For reference. Figure 5B shows the results of measuring the change in battery voltage 
over time for an electric toothbrush with the aforementioned structure in continuous operation, 
using a AAA alkaline battery as the battery (4) and with toothbrush (20) attached and a 300 g 
load applied. In this comparison test, the battery voltage at the starting point of use is high, at 
1 .4V, because the load from the bearing structure is small, and about 63 min elapse before the 
actual usable voltage (0.9 V) is reached. When compared to an electric toothbrush equipped with 
a conventional bearing structure, an improvement in working life of 2.52 times is confirmed. 
Such an improvement in the working life means that the frequency of replacing battery (4) (of 
the frequency of recharging battery (4) when using a rechargeable battery) can be reduced. 

[0019] 

As is clearly shown in Figure 5B, the battery voltage decrease is small, so that the power 
delivered to the motor (6) is large. Accordingly, a high torque can be maintained from motor (6), 
or in other words, a high driving power of the toothbrush (20) can be maintained for a long time. 
Moreover, the driving shaft (15) comes into contact with the bearing surface (19a) at 4 locations 
in the circumferential direction, as described above, so that the accuracy of the fit of the driving 
shaft (15) with the bearing hole (19) is not lost. Accordingly, the noise does not increase when 
the offset of the driving shaft (15) from the bearing surface (18) increases. Figures 6-9, 
respectively, show cross-sectional diagrams equivalent to the aforementioned Figure 1 showing 
the chief part of different application examples. Only parts that are different from the 
aforementioned Application Example 1 will be explained. 

[0020] 

Application Example 2 indicated in Figure 6 has a structure wherein the cross-section of 
the bearing hole (19) in the direction orthogonal to the shaft is not a square, but the bearing hole 



8 



(19) is formed with a bearing surface (19a), wherein the ends of 3 flat surfaces of equal length 
are connected by circular surfaces. By means of a bearing structure with such a bearing hole 
(19), 3 parts of the outer circumference of the middle section (15b), which has a circular cross 
section, of the bearing shaft (15) have a linear contact with the bearing surface (19a). Therefore, 
the contact area and the sliding resistance of the driving shaft (15) are respectively further 
reduced, and the electricity consumption of the motor that drives the driving shaft (15) can be 
further reduced. 

[0021] 

Application Example 3, shown in Figure 7, has a structure in which 3 or more beads 
(19b), extending in the direction of the shaft, of slide bearing (18) project from the bearing 
surface (19a), and the rounded end or the recessed surface (not shown in the diagram) of these 
beads (19b) makes contact with the middle section (15b) having a circular cross-section of the 
driving shaft (15), and supports the driving shaft (15). In such a bearing mechanism, the driving 
shaft (15) still has a linear contact (or a surface contact) with the slide bearing (18) at several 
locations in the circumferential direction, and the sliding resistance of the driving shaft (15) can 
be made small, and the intended purpose of this invention can be attained. 

[0022] 

Application Example 4, shown in Figure 8, has a structure in which the bearing hole (19) 
of the slide bearing (18) is formed with a circular cross-section, the cross-section in the direction 
orthogonal to the shaft of the middle section (15b) of the driving shaft (15), which fits into this 
bearing hole (19), is formed in the shape of a square, the 4 comers of the aforementioned middle 
section (15b) are respectively formed as circular surfaces, and these circular surfaces make linear 
or surface contact (depending on the curvature at the aforementioned 4 comers) with the bearing 
surface (19a) formed by the bearing hole (19). In this bearing stracture as well, 4 parts of the 
driving shaft (15) in the circumferential direction make contact with the bearing surface (19a), 
the contact area and the sliding resistance of the driving shaft (15) are respectively made small, 
and the electricity consumption of the motor that drives the driving shaft (15) can be further 
reduced. 

[0023] 

Application Example 5, shown in Figure 9, shows a structure in which the cross-section 
of the slide bearing (18), and the cross-section of the middle section (15b) of the driving shaft 
(15) that fits into the quadrilateral bearing hole (19), are respectively formed in quadrilateral 
shapes in the direction orthogonal to the shaft, 4 comers are also respectively formed as circular 
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surfaces, and these circular surfaces make linear contact with the bearing surface (19a) formed 
by the aforementioned bearing hole (19). In such a bearing structure, the driving shaft (15) also 
has a linear contact with the bearing surface (19a) at 4 locations in the circumferential direction, 
so that the contact area and the sliding resistance of the driving shaft (15) are respectively 
reduced, and the electricity consumption of the motor that drives the driving shaft (15) is further 
reduced. 

[0024] 

This invention should not, however, be limited by each of the aforementioned application 
examples, and this invention can certainly be applied to types of electric toothbrushes that 
connect with a cord to a commercial ac power source. The driving mechanism can also be 
powered by an electromagnetic vibrator, and the reciprocating motion of the driving shaft 
(movable shaft) can be a reciprocating motion in the circumferential direction instead of the 
direction of the shaft. This invention can also be applied to a plunger type of electric massager, 
for example, that is equipped with a plunger that reciprocates and a hitting part, attached to the 
tip of this plunger, that hits the user^s affected area, for example. Furthermore, the slide bearing 
(18) can be integrally molded together with the main case (1). 

[0025] 

Effect of the invention 

As explained in detail above, in the bearing structure used in an electric toothbrush in this 
invention, for example, the accuracy of the fit of the movable shaft with the bearing hole is not 
lost, the sliding resistance of the movable shaft in the bearing hole can be made small, and the 
electricity consumption from the power source that drives the device can be reduced. 

Brief description of the figures 

Figure 1 is a cross-sectional diagram showing the bearing structure, along line Z-Z in 
Figure 2,in Application Example 1 of this invention. 

Figure 2 is a side view vertical section showing the entire electric toothbrush in 
Application Example 1 of this invention. 

Figure 3 is an oblique view showing the driving mechanism of the electric toothbrush in 
Application Example 1 of this invention. 

Figure 4 is a diagram showing the principle of the reciprocating motion of a toothbrush 
caused by the driving mechanism in Application Example 1 of this invention. 

Figure 5 is a diagram showing the relationship between the length of operation of the 
electric toothbrush and the battery voltage. 
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Figure 6 is a cross section showing the bearing mechanism in Application Example 2 of 
this invention. 

Figure 7 is a cross section showing the bearing mechanism in Application Example 3 of 
this invention. 

Figure 8 is a cross section showing the bearing mechanism in Application Example 4 of 
this invention. 

Figure 9 is a cross section showing the bearing mechanism in Application Example 5 of 
this invention. 

Explanation of the numbers 

6 ...Motor (power source); 16 ...Driving shaft (movable shaft); 16b ...Middle section of 
the driving shaft (part that fits in the hole); 18 ...Slide bearing; 19 ...Bearing hole; and 19a 
...Bearing surface. 



Figure 1 
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Figure 2 
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Figure 5 



13 

Key: 1 Battery voltage (V) 

2 Operational time (min) 

3 B (This invention) 

4 A (Conventional) 

5 Actual usable voltage 
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